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Introduction
Insufficient or deficient vitamin D is a common, important pediatric health problem throughout the world as well as in our country, despite our warm and sunny climate [1, 2] . In the first year of life infants carry the risk of vitamin D deficiency (VDD) since breast milk cannot supply sufficient amounts [3, 4] . Vitamin D is mainly synthesized in the skin under direct sunlight. VDD or vitamin D insufficiency (VDI) becomes inevitable unless adequate sunlight exposure and/ or vitamin D supplementation are provided. These problems result in poor bone health and multi-systemic problems related to cardiovascular, respiratory, and nervous systems as well as immunity [5] . A nationwide vitamin D supplementation campaign for providing free vitamin D drops for every infant in primary health care centers began in 2005. The recommended dose is 400 IU/day from the neonatal period to at least 1 year of age, preferably until 3 years old [5, 6] . All infants were given free vitamin D (Cholecalciferol solutions that contain 133 IU vitamin D3 in one drop) drops and recommended to receive 400 IU (3 drops) daily to avoid vitamin D insufficiency (VDS). Following this campaign, the incidence of nutritional rickets, which used to be a crucial public health problem, decreased [7] .
Serum 25-hydroxy vitamin D (25 (OH) D) is the primary metabolite of active vitamin D. Its half-life is longer than calcitriol (approximately three weeks vs 4-6 hours), which makes it a more reliable parameter to evaluate vitamin D status [8] . Serum 25 (OH) D concentration depends on direct sunlight exposure, seasons, latitude, skin pigmentation, clothing, maternal status, supplementation, or conditions that impair vitamin D metabolism and malabsorption. The cut-off value for 25 (OH) D is usually based on parathormone (PTH) levels to keep bone remodeling under control. Sufficient vitamin D level is the value that keeps PTH levels within normal ranges according to age [9] . Different authors or associations define vitamin D status with minor variations. The American Academy of Pediatrics (AAP) classified vitamin D status in the pediatric population using the following 25(OH) D levels: Severe deficiency : <5 ng/ml, deficiency: <15 ng/ml, insufficiency: 15 -20 ng/ml, sufficiency: 20-100 ng/ml, excess: 101-150ng/ml, and intoxication: 150 ng/ml [10] . The Endocrine Society defined vitamin D status with a consensus statement: Deficiency: <30 nmol/ml (<12ng/ml), insufficiency: 30-50 nmol/l (12-20 ng/ml) and sufficiency: >50 nmol/ml (>20 ng/ml) as 1 ng/ml = 2.5 nmol/l. Here, the cut off value was <30 nmol/ml (<12ng/ml) to prevent nutritional rickets [11] .
This study was designed to detect the efficacy of the supplementation programmed in our city based on AAP criteria ten years after the supplementation campaign began.
Materials and methods
This cross-sectional study with retrospective design was conducted in a small city located at 36⁰ 57' 06''-36⁰ 31' 53'' longitude east and 41⁰04' 54''-40⁰ 16' 16'' latitude north, in the middle Black Sea region. [12] . The climate is sunny between May and October with minimal air pollution [13] . All infants aged between one and twelve months who were referred to the pediatric outpatient clinics of the hospital and tested for serum 25-(OH)-D levels between January 1, 2015 and December 31, 2016 were enrolled in the study. Patients with chronic illnesses and those in need of regular drug therapy except iron supplementation were excluded. None had failure to thrive or developmental delay. Data was obtained retrospectively from the hospital registry. Serum levels of 25 (OH) D levels (normal range: 20-100 ng/ml) were measured by electrochemiluminescence with the Roche modular analytical E 170, through venous blood samples. The specificity and sensitivity of the method is 98% and 95% respectively with coefficient of variation (CV) value 6.8. Venous blood samples were obtained from all patients after physical examination between 8.30-12.00 AM, per hospital rules. For the evaluation of results the participants were divided into groups according to their serum 25(OH) D levels based on the American Academy of Pediatrics (AAP) criteria. 25-(OH)-D<15 ng/ml were considered deficient, 15.1<25-(OH)-D<20 ng/ml were considered insufficient and sufficiency was defined as 25-(OH)-D >20 ng/ml. This study was approved by the Institutional Committee of Scientific Researches of Amasya University Sabuncuoğlu Şerefeddin Education and Research Hospital with (No. 62949364-000-6222/2017, 19/10/2017).
Statistical analysis
Statistical analyses were performed with SPSS 15.0 for Windows (SPSS, Inc., Chicago, IL, USA). The data were presented as frequencies, medians and minimum-maximum, range or mean (SD) by descriptive statistics, as needed. The variables were evaluated using visual (histograms, probability plots) and analytical methods (Kolmogorov Simirnov test) to determine normal distribution. As the serum 25 (OH) D levels were not normally distributed, Kruskall Wallis test was conducted to compare its levels among different groups and Mann Whitney U test was performed to test the significance of pair-wise differences using Bonferroni corrections to adjust for multiple comparisons. The Chi-square test or Fisher's exact test was used to compare variables among various groups. A P-value of less than 0.05 was considered statistically significant.
Results
The study group consisted 147 (55.3%) males and 118 (44.7%) females (n=265). The mean age of the group was 7.53 (2.75) months (1-12 months). 83 (31.3%) patients were younger than 6 months. 46 (19.4%) and 191(80.6%) patients lived in rural and urban areas, respectively.
The mean serum concentration of 25 (OH) D was 28.37 (12.49) ng/ml (3.30-94.5; median: 29.60 ng/ml) and none of the patients showed clinical signs of rickets. According to AAP classification, 14.7% (n=39) of the study group had VDD, 10.5% (n= 28) had VDI and 74.4% (n=198) had VDS. 9.8% (n=26) of the participants had VDD according to the Endocrine Society consensus statement (2015) .
Vitamin D levels were 28.18 (12.23) ng/ml among the <6-month-old group and 28.45 (12.64) ng/ml among 6-12month-old group. Deficiency was detected in 16.9% (n=14) of the younger group and 13.7% (n=25) of the older group. Age as a variable caused no significant difference between two groups (P=0.65). P a g e / S a y f a | 581
The mean concentration of 25(OH) D levels were 28.40 (13.30) ng/ml in males and 30.10 (11.2) ng/ml in females; it did not differ with gender (P=0.12). 25(OH) D levels were sufficient in 80.5% (n=95) of the females and 70.1% (n=103) of the males. 10 .2% (n=12) of the males and 18.4% (n=27) of the males had deficiency.
The serum levels of 25(OH) D were also compared among seasons. The mean concentration of 45 patients who were tested during winter was 24.32 (11.63) ng/ml. This value was 27.82 (12.66) ng/ml during spring, 30.73 (13.15 ; range: 4.2-73.0; median: 30.7) ng/ml during the summer and 28.81 (11.31) ng/ml during autumn. There was no significant difference in terms of serum 25(OH) D levels between seasons (P=0.09).
Mean concentration of serum vitamin D levels in those living in urban and rural areas were 28.88 (10.99) ng/ml and 28.40 (14.02) ng/ml, respectively. Vitamin D levels were sufficient in 78.5% (n=150) urban area residents and 69.6% (n=32) in rural area residents. There was no significant difference between two groups (P=0.32).
Vitamin D levels were also evaluated considering birth seasons. 50 of the participants were born in the winter, 47 in spring, 69 in the summer and 71 in autumn. The main concentration of 25 (OH) D levels were 31.88 (10.38); 25.60 (11.67); 27.22 (11.37); 30.24 (12.07), respectively. Approximately half of the vitamin D-deficient infants (48.4%; n=15) were born during summer, while 83.1% (n=59) of the autumn-born infants had sufficient serum vitamin D levels. Infants born in the summer and autumn had significantly better vitamin D levels (P<0.001). The vitamin D levels of all patients with respect to different variables are shown in Table 1 . 
Discussion
The main source of Vitamin D in the body is the photo conversion of 7-dehydrocholesterol to pre-vitamin D3 in the skin under direct sunlight [14] . The dietary intake is negligible in breastfed infants because the breast milk content of vitamin D is very low [3, 4] . Formulas contain 400 U/ l vitamin D, and unless the infant consumes enough formula, deficiency becomes inevitable [3, 5] . Insufficiency of maternal resources causes inadequate transplacental transition which contributes to poor vitamin D levels during infancy [15] . During the first year of life, direct sunlight exposure may be limited because of weather conditions or cultural habits. Supplementation seems to be the only way to avoid these limitations and the recommended dosage of 400 IU/ day is adequate if compliance is achieved. In this study group 74.4% of the participants had sufficient vitamin D levels. Comparison with respect to gender, age and seasons caused no difference, but mean concentration of 25 (OH) D changed significantly according to birth seasons.
The data of this study was classified according to AAP criteria and "deficiency" was defined as serum 25 (OH) D levels below 15 ng/ml. 14.7% of the participants were vitamin-Ddeficient. A study from an industrialized city in north western Turkey reported that the mean 25 (OH) D level was 42.5 (25.8) ng/ml in infants aged between 84 and 365 days (263 (116)), and that 2.2% of all participants had vitamin D deficiency (<15ng/ml) [16] . Another study from Turkey defined deficiency as serum 25 (OH) D<20ng/ml, thus calculating deficiency rate as 57% [17] . In Hong Kong, the participants of a study did not receive vitamin D supplementation and the median serum 25(OH) D concentration at 3 months was 58 (IQR, 32-75) nmol/L. Among 155 infants, 52 (33.5%) had vitamin D deficiency, defined as serum 25(OH) D <50 nmol/L (<20 ng/ml) [18] .
Deficiency starts prenatally because of poor vitamin D levels of pregnant women and 25 (OH) D levels of the cord blood are critically low even in sunny countries [15, 19, 20] . Turkish Ministry of Health recommends that vitamin D supplementation begin within the first days of life. Every infant is provided with 400 IU (3 drops) of Cholecalciferol solutions [6, 16] . In this study group all participants were younger than one year and 74.4% of them had sufficient 25 (OH) D levels. Although supplementation is recommended throughout the whole life, after the first year, it is usually given up and a negative correlation emerges between 25 (OH) D levels and age [21] . Şahin et al. [1] reported sufficient vitamin D statuses in the first year of life but declared that the deficiency rate increased after the second year.
In this study 10.2% of the females and 18.4% of the males had deficiency, and the difference between genders was not significant. In the study of Sahin et al. [1] , mean serum vitamin D levels were 30.5 (18.1) ng/ml in females and 34.7 (16.5) ng/ml in males in the first year of life. A study from İzmir had close results with a deficiency rate of 42.9% in males and 15.9% in females in a sample of 100 infants [17] . Many studies find that gender is key factor with increasing age, i.e. the increased deficiency rate among adolescent girls' [1, 21] .
As the main source of Vitamin D is skin synthesis under direct sunlight, seasons may cause significant changes in serum levels of 25 (OH) D [14] . Between February and May, the level is lower than other times of the year according to the data mining study of Şahin et al. [1] . In this study, the period of serum vitamin D level assessment had no significance, but season of birth proved important. In autumn-born-infants, sufficiency rate was higher than other seasons. Deficiency was frequent in infants born during winter. VDD in early infancy is related to maternal 25 (OH) D levels and studies showed that mothers who had given birth in summer and autumn had higher vitamin D levels [15] . Here, maternal 25 (OH) D levels of participants were not evaluated, which is one of the important limitations of this study. Unless patients lived at the same latitude, urban or rural areas of residence were not significant. This result was also compatible with a study from Ankara reflecting the data of a large cohort [22] .
Limitations
This study has several limitations as it was retrospective and based on hospital registry. The type of vitamin D supplementation, dosage, sunlight exposure and nutritional habits of the participants were not taken in consideration. Vitamin D levels of the mothers and supplementation history during pregnancy are not known. Parathormone, calcium, phosphorus and alkaline phosphatase levels are not evaluated. The clinical statuses or bone mineral densities of the participants were not evaluated to directly predict bone health [23] .
Conclusion
Our study established that supplementation is one of the ways to avoid limitations affecting serum vitamin D levels. Supplementation with 400 IU/day Cholecalciferol is provided during the first year of life by the Turkish Ministry of Health, which we believe rendered gender, age, time of measurement and residential area insignificant in terms of 25(OH) D levels. Studies show that these parameters become prominent when supplementation is given up with age or because of medical or financial reasons. Supplementation should be offered throughout the whole life to solve the public health problem of vitamin D deficiency or insufficiency.
